Mg2+ control of respiration in isolated rat liver mitochondria.
The role of endogenous mitochondrial Mg2+ as a potential regulator of mitochondrial dehydrogenase activity, and therefore of cellular respiration, was measured in isolated mitochondria containing matrix Ca2+ and Mg2+ levels resembling those occurring in vivo. Ca2+ and Mg2+ depletion was carried out using the cation ionophore A23187 in the presence or absence of the Ca2+ uniporter inhibitor ruthenium red (RR). Divalent cation depletion inhibits the oxidation of alpha-ketoglutarate or pyruvate in states 4 and 3, slows uncoupled respiration and results in decreased membrane potential. Since the addition of Mg2+ could not restore respiration, these dehydrogenases appear not to be regulated by Mg2+. In contrast, similar cation depletion stimulates succinate dehydrogenase (or glutamate dehydrogenase) in state 4 without decreasing membrane potential. The addition of RR caused authentic uncoupling, accompanied by a decrease in membrane potential and an increase in membrane permeability. These effects could be completely reversed by Mg2+. These and other data, showing that Mg2+ depletion results in a change of respiration depending on the substrate oxidized and the metabolic state, indicate that Mg2+ removal may have direct and indirect effects on mitochondrial respiration. A clear direct effect is the stimulation of succinate or glutamate dehydrogenase by decreasing matrix Mg2+. Hence, changes in matrix Mg2+ (in addition to those of Ca2+) could be of great consequence, not only for the control of respiration but also for metabolic pathways affected by changes in concentrations of matrix substrates.